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CHARGING AND CONDITIONING BATTERIES 

This invention relates to devices for charging and/or conditioning 
batteries having one or more electrolytic cells and particularly but not exclusively 
to lead acid batteries. The invention may particularly but not exclusively be 
embodied In chargers which monitor the condition of the battery and tailor the 
characteristics of the charge they deliver to battery condition. 
BACKGROUND OF THE INVENTION 

During the discharge of a lead acid battery, H2SO4 Is consumed and 
water is formed, resulting in a weakened electrolyte solution. The more deeply 
the battery is discharged, the lower the concentration of the H2Sb4. During 
discharge, insoluble lead sulfate (PbS04) forms and adheres to both the cathode 
and anode In equal amounts, effectively shielding and passivatihg both 
electrodes. This "double sulfate" theory was first recorded in engineering 
literature over one hundred years ago. The molecular -volume of the PbSd4 is 
appreciably greater than that of either the Pb02 or the Pb from which It is 
formed. The porosity of the active materials falls steadily during discharge. As 
discharge proceeds, the internal resistance of the cell rises due to PbS04 
formation and the decrease In electrolyte conductivity as the H2SO4 is 
consumed. The reduced active material of the banery has a pronounced negative 
effect on the capacity of the battery. 

The charging process reverses the direction of the discharging 
reaction. During an effective charging process, the PbS04 Is converted to Pb^t 
one electrode and to Pb02 at the other, both in contact with the electrolyte of 
dilute sulfuric acid - thus restoring the materials of a fully charged cell. 

However, rate of charging is important. If the concentration, of. 
H2SO4 is very low, as it is in a batt ry which is sulfat d, th batt ry will 
overheat during the charging process causing damage to the batt ry. Water of 
the lectrolyte may be decomposed into H2 and O2 which has the potential of 



causing an xpl sion. Furthermore, the pr duction of these gases can dislpdg^ 
Pb, Pb02, r PbS04 fr m the plates. These s lids accumulate as a sludge altlfr 
bottom of the battery. In time, they may cause a short circuit which will re^p 
the batteiy useless. WM 
5 Charging should also be tailored to the type of batt ry bSpfi 

charged. Deep discharge batteries with thick plates have a lower Chirac 
acceptance than other batteries. The rate at which the battery absorbs cb-^^-' 
depends upon the diffusion of the electrolyte throughout the active material^ "ll 
the plate. The thicker the plate, the slower the diffusion and the lowerffif^ 
10 charge acceptance. 



Gali in his U.S. Patents 4,871,959 Issued October 3, IS^fy 
5,063,341 issued 1991, 5,084,664 issued January 28, 1992 and 5,276,393 i 
issued January 4, 1994 discloses a technique for conditioning a battery during - 
charging In which the charge includes a plurality of . spikes or pulsed In i^ i 
15 charging voltage. The patents of Gall are not clear as to the dimensions of Ihe i 
pulses including particularly the current and voltage at the peaks of the pulsed I 
but the particular technique used by Gaii in the machine manufactured In practlc^ 5 
Involves the use of a transformer which can be used to increase the voltage I ' j ' 
voltage pulse but In view of the increased number of windings In the secondary;: 
20 this Increase In voltage is obtained while reducing the current available, 'in 
practice, therefore, the pulse generated In the machine proposed by Gali, which 
is manufactured and sold by Motor Products and Pulse Charge Systems in USA. 
generates pulses of a significant voltage value but provides a current which is 
limited by the transformer technique to a value of the order of a few mllllamps. 
25 The most recent of the above patents explains the operation of the devic in 
terms of a resonance effect in which the pulse generates an scillating voltage 
alternately increasing and decreasing the charging voltage while gradually 
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declining toward the end of the pulse. The ph nomenon of th conditioning >of- 
the battery is therefore explained in terms of the resonance of the cells. 

In practice the above machine has .been found to provide some 
conditioning of the battery thus reducing the amount of sulfation but the effect 
obtained is relatively slow so that a valuable effect on the state of the sulfated 
battery is obtained only after many days or weeics of conditioning. 

U.S. Patent 4,843,299 (Hutchings) issued June 27, 1989 disci ses 
a battery charging which includes a microprocessor control for detecting the 
current, voltage land temperature of the battery for controlling the battery 
charging profile. However, this patent does not disclose any techniques for 
conditioning the battery to reduce the state of sulfation of heavily sulfated 
batteries. 

U.S. Patent 3,816,807 (Taylor) issued June 11, 1974 discloses aii 
impedance control battery charger including a monitoring system In the form of a 
feedback control for automatically adjusting the DC current supplied to the 
battery to match the current accepting capabilities of the battery. However again 
the patent discloses no techniques for conditioning the battery to r duce 
sulfation. 

U.S. Patent 5,172,044 (Sasaki) issued December 15, 1992 disc! s s 

a battery charger which controls the charging current and the voltage n the ^ 

* 

assumption that the battery charging follows a predetermined charging curve. 
Over again the patent discloses no techniques for reducing sulfation. 
SUMMARY O P THE INVEISmON 

It is one object of the present invention to pirovide an iniproved 
method for conditioning a battery which can reduce sulfation of the plates Within 
a significantly reduced period f time. Accordingly there is provided a charg|ing \ 
process which alternates periods of application of a charging current with the 
introduction of a series of short spikes of energy into the battery has been found 
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A fiirther objea is to provide such a battery charger which can alter its charging f 
characteristics according to the state of discharge and state of internal resistance of the f 
battery which the charger senses at any given time. | 
Yet another object of this invention is to provide a battery charger which 1 
5 facilitates the restoration of the active materials in a lead acid battery which has become ; | 
sulfated. -I < I 

According to a first aspect of the invention there is provided a method for 
conditioning plates of a battery having at least one electrolyte cell, a positive ;i 
connection terminal and a negative cormection t^minal cormected across the at least ^ i 
10 one cell, the method comprising connecting a first connector to the positive terminal, ; 

connecting a second connector to the negative terminal such that a substantially f j 
constant voltage is applied across the first and second connectors, generating a scenes 
of current pulses and appfying the pulses across the first and second connectors the 1^ 
pulses havir^ a peak voltage measured above the constant voltage of greater than 0^2 | 5 
1 5 vohs times the number of cells and the pulses causing a current flow of greater than 1 . 0 | : 
amps through the ceUs. ; 

In the arrangement, the entire battery charging and energy spiking process is 1 
governed by the control circuit. The control circuit consists of a microprocessor unit | ' 
which governs the periodic interrogation of battery condition and selection and ; f 
20 performance of charging and energy spiking methods appropriate to current battery | f 
condition. The circuitry of the microprocessor is able to determine battery voltage and 
battery internal resistance, and select a pattern of an appropriate charging current, 
interspersed with the transmission of spikes of energy into the battery to accomplish 
the suted objectives of the invention. 
25 Should the microprocessor sense a low voltage , high resistance condition 

(indicative of battery sulfation) it will charge the battery with pulses of low current, 
interspersed with quick, vigorous, spikes of energy, the strength of which will be 
matched to the battery condition. The spikes of energy will have the capability of 
overshooting battery vokage in the range of one through twenty volts overshot. 
30 Delivery of charging current and energy spikes will be alternated throughout the 
charging processing. 
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Should the microprocessor sense a low voltage, low internal resistance 
condition (indicative of discharge without aqipredable sul&tion), the device will 
primarily charge the batteiy with blocks of the maximum acceptable current. A brief 
period of delivery of quick, gentle spikes of energy, the strength of which will be 
S matched to battery condition will also be administered during the charging process. 

All charging processes will administer a charge which the battery is capable of 
accepting. This responsive charging method wiU ensure that active gassing does not 
j occur within the battery. 

f " Many diargers switch fix)m charging to float diarge when the gas 

. 1 0 is reached. They do not adequately charge the battery, which has not recovered all 6f 

its capacity at this point. This charging process will conclude with the delivery of a 
; constant voltage charge vAiich will allow the battery to accept current at it own natural 

absorption rate which is a function of battery design and state of charge. This process 
I will result in a fully charged battery. 

15 This invention will also remove the passive layer which occurs in lithium 

batteries. 

This invention prevents the overheating of battles (and consequential damage) 
which occurs during the charging process. Conventional battery chargers use battery 
voltage as their "cue" and with a battery that is sulfated, the combined effects of the 

20 sulfation and a very ineflBdent stagnant double layer surrounding the plates, the 
charging process is very ine£Bcient, resulting in the generation of heat. As the battery 
heats, the voltage collapses, causing the charger to provide more current, until 
eventually the battery electrolyte begins to boil. The electrolyte evaporates to a poirit 
I where the battery no longer functions. This is especially relevant with the new 

25 "maintenance free" batteries, in which there is a vent to allow evaporating electrolyte 
to escape, but generally no method to access the cells to replenish electrolyte. 
- This invention reduces the stagnant layer and unproves the eflBciency of the 

double layer, \^ch both surround the battery plates. This is the area in the battery 
where the ion exchange takes place. 

30 Embodiment to the invention will now be described in corqunction with the ; 

accompanying drawing in whidi: 
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BRIEF DESCRIPTION OF T HE DRAWINGS | ^ 1 

Part of Figure 1 is a schematic illustration of the circuit providing a battery 
charging and reconditioning system for attachment to a lead/acid battery. 

Figure 2 is a gRph of vohage against time showing the input voltage VI to the . I ^Sf^j;! 
5 switch. f^tv^-^ 

Figure 3 is a g|:q}h of cun^ in the inductor at the poim of the second i^ |/|||| 
CI. C '3 

Figure 4 is a graph of voltage against time at the point CI. ' I : 



Figures 5, 6 and 7 correspond to Figures 2, 3 and 4 showing the generation of 'f iS 



> . • ? i.:v 



10 an increased current pulse by increasing the time of opening of the switch. 

Figure 8 is a circuit diagram similar to that of Figure 1 showing a modified 
circuit for use in conditioning a battery in a sq3arate battery power supply and charging 
system. 

Figure 9 is a block diagram showing a system somewhat similar to that of 
IS Figure 1 in which is included microprocessor control for controlling the presence of 
and value of the charging current and the current, pulses. 

Figure 10 is a schematic illustration of a circuit proposed as an alternative for 
the inductor coil system of Figure 1 and instead utilizing pulses generated by a 
capacitor supply. 

20 In the drawings like characters of reference indicate corresponding parts in the 

different figures. 
DETAILED DESCRIPTION 

Turning firstly to Figure 1 there is shown a circuit for charging and conditioning 
a battery, the positive and negative temunals of which are indicated at 10 and 1 1 
25 respectively. The circuit can be connected to the terminal 10 and 1 1 in any suitable 
manner well known to one skilled in the art. 

The circuit includes a power supply including a positive power terminal 12 and 
native power terminal 13. The power supply can be provided by any suitable power 
source which will be well known to one skilled in the art including the use of solar 
30 . powCT. The power supply in a separate circuit is rectified and filtered so as to provide 
a DC voltage across the terminals 12 and 13 of the order of 16 volts. The positive 

RECTIFIED SHEET (RULE 91) 
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Part of Figure 1 is a schematic illustrati n of the circuit providing a 
banery charging and reconditioning system for attachment to a lead/acid battery. 

Figure 2 is a graph of voltage against time showing the Input voltage 
VI to the switch. 

5 Figure 3 is a graph of current in the inductor at the point of the 

second indicator CI . 

Figure 4 is a graph of voltage against time at the point CI. 

Figures 5, 6 and 7 corresponds to Figures 2, 3 and 4 showing the 
generation of an increased current pulse by increasing the time of opening of the 
10 switch. 

Figure 8 is a circuit diagram similar to that of Figure 1 showing a 
modified circuit for use in conditioning a battery In a separate battery power 
supply and charging system. 

Figure 9 is a block diagram showing a system somewhat slmll^r .to 
15 that of Figure 1 in which Is included microprocessor control for controlling the ^ 
presence of and value of the charging current and the current pulses. 

Figure 10 is a schematic illustration of a circuit proposed as an 
alternative for the Inductor coil system of Figure 1 and instead utilizing pulses 
generated by a capacitor supply. 
20 In the drawings like characters of reference indicate corresponding 

parts in the different figures. 
nFTAILEB DESCRIPTION 

Turning firstly to Figure 1 there is shown a circuit for charging anti 
conditioning a battery, the positive and negative terminals of which are Indicated 
25 at 10 and 11 respectively. The circuit can be connected to the terminal 10 and 
1 1 in any suitable manner well known to ne skilled in th art. 

The circuit includes a p wer supply including a posltiy power; 
terminal 12 and negative power terminal 13. The p wer supply can be pr vided 
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by any suitable power sourc which will be well known to one skilled in thelM: 
including the use of solar power. The power supply in a separate clrculMs^^ 
rectified and filtered so as to provide a DC voltage across the terminals 12 ani|g 
13 of the order of 16 volts. The positive voltage is connected through a charge i 
5 current control system 14 defined by resistor R5 and It's connected to IhSit 
positive terminal through a diode D6. The charge current control system 14 #tiS M 
limits the current supply and provides a trickle charge current for charging ^^ '^J 
battery in conventional manner. 1 i^fl 

In addition to the battery charging system, there is also Includetj^pi 
10 conditioning pulse system for injecting current pulses on top of the DC curren^M 
trickle charge voltage. The pulse generator circuit includes an oscillator 15 fefl ^ 
generating a timing pulse at a predetermined frequency and of a predetarrhii^^l ? 
pulse width. The pulse from the oscillator is supplied to a buffer circuit 16 whlliife 
amplifies and shapes the pulse so that the output pulse from the oscillator ^|^^^ 
15 buffer is provided on the line at point VI. The output pulse is shown In Figured 
and is in the form of square wave having a leading edge at time T1 and trailirlg i J 
edge at time T2. A second pulse is also shown In Figure 2 with the time spiJe 
between the first and second pulse as being dependent upon the frequen J A 



generated by the oscillator 15. 



■ item 



2° The details of the oscillator and buffer are not described herein as 

these will be well apparent to one skilled in the art. The components of the 
oscillator 15 and the buffer 16 are shown in Figure 1 and the person skilled in the 
art will be able to generate these devices with suitable component values by the 
application of normal skill. 

The circuit further includes a switch 17 In the form of a transistor 
switch which is actuated to the closed and open conditions by the leading and 
trailing dges respectively of the pulse at VI. The circuit further comprises a 
current supply capacitor and a diode D3. The inductor coll 19 is connected In 
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series with the switch 1 7 so as when the switch is cl sed curr nt can flow fr m 
the power supply through the inductor coil 19 t gr und. The curr nt supply 
capacitor 18 Is connected to the power supply line 20 so that sufficient charg is 
available to supply current to the inductor coil rather current being restricted by 
5 the charge current control resistor 14. 

The point P2 on one side of the inductor coil is connected t the 
positive terminal 10 through the diode D3. The diode D3 prevents current from 
flowing through the line from the positive terminal back to the point P2 wh n the 
voltage at P2 drops below the voltage on the line 20 which is connected to the 

10 battery terminal. 

A voltage filter 21 is provided which controls the voltage for the 

control circuits, further stabilized by diode D1. 

In operation, the oscillator 15 and buffer 16 generate the square 
wave pulse is shown in Figure 2. Thus at the time T1 of the leading edge of the 

15 pulse, the transistor switch 17 is closed causing current to flow Into the Inductor 
coil 19 in a constantly rising current pulse indicated at C2 with that increasing 
current indicator C2 increasing continually and gradually from time T1 up tp tim 
T2 at which time the current Into the inductor coil 19 gradually declines frorn a 
maximum current C3 back to zero. The voltage at T2 is shown in Figure 4. At 

20 the time T1 when the switch 17 is closed, the voltage drops immediately t zer . 
shown at VO from the line voltage VB. When the switch is opened at time T2, 
the voltage rapidly increases from VO to the peak voltage VP. This increase in 
voltage occurs due to the supply of current from the inductor coil 19 which 
travels from the point at P2 through the diode D3 to the battery terminal. Th 

25 current thus generated by the inductor due to the opening of the switch 17 and 
the inductance of the inductor coil 19 is supplied across the battery as a curr nt 
pulse. The value of the current generated at p int P2 by the inductor coil Is 
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qual t th curr nt C3 which is that curr nt passing through th Inductor c<^ M 
a time T2 when the switch Is opened. 1^]^ 5 

The current pulse is thus applied to the battery terminal and ixa^^ 
^through the battery so that the voltage across the battery dramatically Increfeil 
5 to a voltage dependent upon the impedance across the battery. It will be hot^p 
that the only impedance between the point P2 and ground is the impedahill 
across the battery. 

Figures 5. 6 and 7 show the same steps as Figures 2, 3 aniji j^^ ! 
except that the oscillator 15 has been modified so that the time betwe n^vlS-l 
10 ieadiog and trailing edges of pulse are shown at T3 and T4 is increased. 

causes the current ramp C4 to rise for an increased period of time up Itcj v§i 
maximum value C5 so that the peak voltage VP1 is increased relative to the p^ak ? 
voltage VP by an anrwunt proportional to the difference in width of the pul^sl y 
Thus If the pulse if doubled in length, the peak current C5 is double th N^k ^ 
5 current C3 leading to a voltage pulse of twice VP assuming the batt^r^ 
impedance remains constant. iU- l 

As shown in Rgures 4 and 7, the current pulse falls rapidly from the 
peak back to the DC voltage across the battery terminals without causing i 
voltage to fall below the DC voltage across the terminals. This occurs becaiik^' 
the current pulse is generated by a posith^e current applied as a peak on top of 
the DC current and therefore the pulse decays by a rapid reduction of th pulse 
current back to the DC current generated by the charging system. Observation 
of the shape of the pulse shows that the pulse includes an initial rapid decay 
followed by a slower decay. 

When the transistor switch opens the inductor maintains the same 
current as just before the instant of pening. The current however has to find an 
alt rnative path. The voltage across the inductor is now determined by the 
impedance of the new path. This impedance has its r sistive and inductive part. 
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The resistive part is determined by the battery resistance and the resistance of 
the leads. The inductive part is determined by the inductance of the leads and by 
the finite response speed of the battery electrolyte. For these reasons the 
voltage initially rises to a relatively high value, than after some 50 nanoseconds 

5 the effects of lead inductance and that of the electrolyte finite response begin t 
vanish allov^nng the current to flow with less restriction, which manif st as 
decrease in the voltage. This way after the initial about 200 nanoseconds 
needed for the stabilization, the voltage is determined only by the resistance f 
the battery and decreases linearly the same way as the current of the induct r 

0 decrease. 

in a typical arrangement, the overshot voltage is of the order of 1 
volt for each 1 amp of pulse current. The total decay time from the rising dge 
of the pulse at T2 to the time T5 is of the order of 100 to 300 microseconds. 
The repetition time between T1 and T6 is of the order of 400 to 700 
► microseconds. The transient time from the initial rise of the pulse to the peak is 
of the order of 30 to 100 nanoseconds. The time from the initial rise to th nd 
of the rapid decay at time T7 is of the order of 200 to 300 nanoseconds. 

The current pulses in practice are selected so as to provide a current 
in the range 1 to 6 amps for a 12 volt battery system. A 12 volt battery has 6 
cells. It is appreciated that the voltage is and current discussed in this 
application will be modified for battery systems having more or less cells to 
provide greater or smaller voltage output. In the 1 2 volt system, the application 
of a current pulse in the range 1 to 6 amps will generate a voltage across the 
terminals of between 5 and 80 volts depending upon the level of sul^tion of the 
battery plates which therefore determines the particular impedance of the battery 
plates. Generally the pulse current is select d so as to maintain the voltage less 
than 80 volts so that In circumstances where the impedance is particularly high ! 
due to very high levels of sulfation, the smaller current pulse is required to be 
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selected, in situations where the sulfation is less r has already been decrestee^d^^ 
by th act! n of the present device, the current puis can be increased to tH 
amp level to maintain the voltage pulse across the terminals at a sufficient r y^i^l 
preferably greater than 5 volts. 
5 While the explanation for the operation of the pulses of the pr sent ! 

device is not well determined, it is believed that the high energy pulses reci£i(D|| 
the crystallization of the sulfates on the surface of the plates, this crystallizatiQap 
is reduced by the high energy pulse without the application to the battel^ ic^li 
sufficient heat energy to cause decomposition of the electrolyte. In addition it is 

' ■ i ■ 'J 

10 believed that there is a "memory" effect of the battery plates in that :1e^] 

V'- * 

application of the short period high energy pulse causes to some xtent a i: 
continuing excitation of the ions in the electrolyte and the battery plates vvith^iAf^f 
the current flow and without the on going application of the heat energy so as tov:;^ 
avoid the generation of breakdown gases and without boiling the electrolyte. |> 
15 Turning now to Figure 8 there is shown a modified circuit for Use ^ 

with a separate charging system 25 connected across the terminals 1 0 and 1 f 6f -I 
the battery B. The conditioning circuit is therefore entirely separate frorh^^hf >| 
charging system and its applied as an additional element simply attached acr-^%y 
the battery terminals. The conditioning circuit therefore can be relativ ly small 
20 and self-contained. In the example therefore of a vehicle charging system, the 
conditioner can be attached as a separate element from the alternator ^.id 
regulator systems of the charging system of the vehicle and separate from the 
battery. The separate element is therefore simply attached across the battery 
terminals and can be added as a retro fit to existing vehicles to provide ongoing 
25 conditioning of the battery. 

The circuit of the device of Figure 8 is theref re modified in that it 
does not requir a separate power supply and simply takes power from the 
battery as required to generate the pulses in the inductor coil 19. In addition the 
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circuit is m dified by a voltage sensing circuit 26 which uses a zener di d ^02 tb ;^ 
close a transistor switch Q1 in response to the voltage across the diode t 
exceeding the conventional battery voltage. Thus the sensing circuit 26 is 
responsive to the presence of excess voltage from the charging system 25 so 
that the pulsing circuit is only actuated when the charging system is in operati n. 
When the voltage drops to the battery voltage, the transistor switch Q1 is 
opened which halts the input into the oscillator 15. 

Turning now to Figure 9 there is shown a modified arrangement : 
illustrated in block diagram form which is an enhanced version of the 
arrangement shown in Figure 1. In this enhanced version there is provided a 
power supply system 1 , a DC voltage regulator system 2, a pulsing system 3 and 
a battery sensing system 4. An output from the battery sensing systerh 4 is 
supplied to a microprocessor control unit 5 which actuates control of th pulse 
generation system 3 and the DC voltage supply 2 in dependence upon the ■ 
detection of the battery condition. 

The power supply system 1 is of course of a conventional natur 
and will be well known to one skilled in the art. The voltage regulator system 2 
again is of a conventional nature and can be controlled by the microprocessor to 
generate voltages in the range 4 to 16 volts and a current in the range 0.5 to 10 \ 
amps. The pulsing system 3 is arranged to generate current pulses in the rnanner 
described hereinbefore with the value of the current being variable, as discussed 
hereinbefore between 2 amps and 6 amps. 



The battery sensing system is actuated by the microprocessor . on a 
periodic basis which typically would be of the order f nee very f w minutes. i 
The microprocessor thus actuates the DC voltage system 2 and the pulsing . 
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t m:^ 

system 3 to halt actuation temporarily while the battery sensing system iSil 

• 

actuated to detect th condition of the battery. This is eff cted by inftijally:* 
sensing the voltage across the battery under no load and subsequently a cur^n^l 
of a predetermined value is applied across the battery to detect the imp danci^:|^ 
5 the battery. Typically the current would be of the order of 1 amp which rii^i; 
applied from a constant current source across the battery terminals to detect^He ^ 

V '." •: " •* 

voltage increase across the battery and thus the impedance of the battery. I 

• ^ S'' 

The microprocessor then carries a look up table to selecti^Hl^i 
presence of and value of the charging voltage from the generator 2 8nd ::pi# 
10 presence of and value of the current pulse from the pulse generator 3: li^l 

. i ' ■: * 

application to the battery. One example of a look up table is set out as f liows:^^ii^ 
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PROGRAM BRANCH DECISION TABLE 
(based on no load battery voltage) 



BATTERY VOLTAGE 

4 volt 

5 volt 

6 volt 

7 volt 

8 volt 

9 volt 

1 0 volt 

11 volt 

12 volt 

13 volt 

14 volt 

15 volt 

16 volt 



CHARGE CURRENT 

5 A 
5 A 

5 A 

6 A 

7 A 

8 A 
10 A 
10 A 
10 A 
6 A 
1 A 
.4 A 
.2 A 



FIND PULSE CURRENT TABLE 

IMPEDANCE (relative unit) 
1 
2 
3 
4 
5 
6 
7 
8 
9 



BRANCH TO 

CHARGE 
CHARGE 
CHARGE 
CHARGE 
CHARGE 
CHARGE 
CHARGE 
CHARGE & PULSE 
CHARGE & PULSE 
CHARGE & PULSE 
FLOAT PULSE 
FLOAT PULSE 
FLOAT PULSE 



PULSE CURRENT 
NO PULSE 
2 A 

2 A 

3 A 

4 A 

4 A 

5 A 

6 A 
6 A 



In general, therefore, the enhanced device of Figure 9 continually 
monitors the battery condition and provides either just a charge voltage or just a 
puis or both dep nding up n the condition f the battery. In addition th value 
of th charg voltage and the value of the curr nt pulse can be controlled in 
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car ful d pend nee upon the battery condition to provide the best tfec^A ji 
conditioning and charging the battery to fully charged condition. : I ^^PI 

Upon connecting to a battery the microprocessor determines ithel 
4>attery voltage and the battery impedance. Based on these conditions^! tf^l 
5 program finds the optimal charging current, and the voltage limit. dhce|tK^ 



battery voltage reaches this limit and if the battery impedance is high^HHel 

-. ^ - .- • -"Jin 

microcontroller starts to pulse the battery. The higher the battery imped^nd^^isp 

"• ■ :>,^M 

the higher pulsing current is used. The values of ail the variables, like batt6ry!| 
voltage, charging current, pulsing current and battery impedance are stored infthe -j 
10 look cup tables in the program. Pulsing continues until the battery impedL M i 
drops to low level. Then if the battery is fully charged the control switches irflc»m 
float mode. If the battery still needs additional charge the unit continues'''>i'j 
charge. In the float mode the charging voltage is reduced to 13.8 volts so- tHitt^ 
theree is in effect no carge current and a gentle pulse. of about 1A is introduc»d>^| 
15 In a case where the impedence is very low, the float pulse can be halted. ThOM 
impedence can be measured by increasing the current value in steps untip -a :;; 
predetermined voltage is reached. The table of impedences set out above u^eis ' 
such a technique and the value listed are simply relative or arbitrary va' is 
dependent on the number of steps of a predetermined current values n cess^f^^fl 
20 to reach the voltage. It has been found that the pulse operation has the best ' 
efficiency for conditioning the battery when the battery is charged and h nee ine 
pulse operation is only started when the battery voltage reaches 1 1 volts. The 
float pulse provides only the low level or gentle pulse and this has been found to 
achieve the most efficient final conditioning of the battery while completing the 
25 charge up to maximum electrolyte conversion. 

Turning n w to Figure 10 ther is shown a modified circuit for 
generating pulses for injection into the battery. In this modified circuit, the 
pulses are generated in a capacitor C which is charged through a resistance R. A 
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transist r switch SW op rated by an oscillator as shown in Figure 1 operat s to. 
repeatedly close the switch and release the charge fr m the capacitor into the 
battery as a voltage pulse. 

In a normal state the switch SW Is open and capacitor C is being 
charged through the current limiting resistor R from the voltage higher than the 
battery potential. Once the capacitor is charged, the switch SW closes all wing 
the capacitor to discharge into the battery. This way a fast voltage pulse is 
admihistered to the battery. The process repeats at a rate of about 8000 to 
10,000 cycles per second. 

Since various modifications can be made in my invention as 
hereinabove described, and many apparently widely different embodiments f 
same made within the spirit and scope of the claims without departing from such 
spirit and scope. It is intended that all matter contained in the accompanying ' 
specification shall be interpreted as illustrative only and not in a limitir^g.sens . 
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CLAIMS: I J;!^ 

1. A method for c nditioning plates of a battery having at >lea&tf 
one electrolytic cell, a positive connection terminal and a negative conn clioni 
terifninal connected across the at least one cell, the method comprisinga 
connecting a first connector to the positive terminal, connecting a second^ 



connector to the negative terminal such that a substantially constant voltage lis 



5 r • 



applied across the first and second connectors, generating a series f curr rft^ij 
pulses and applying the pulses across the first and second connectors, the pii&;ei;|1 
having a peak voltage measured above the constant voltage of greater thah4jO|M|| 
volts times the number of cells and the pulses causing a current flow of gre -^WH 
than 1 .0 amps through the cells* 

2. The method according to Claim 1 wherein each pulse^ : is n 
arranged such that it is applied wholly above the constant voltage substantially i 
without reducing the voltage across the terminals to a voltage less thah/|:He|| 
constant voltage. 

3. The method according to Claim 1 wherein the pulses havB%:^ 
time period from a leading edge to a trailing edge of less than 10 microsecond^- I 

4. The method according to Claim 1 wherein the battery is ^'^2 \ 
volt battery and wherein each pulse causes a current through the cells 'iat^^^hf^l 
peak in the range 2 to 6 amps. ^ .^^. .^ 

5. The method according to Claim 1 including controlling ^^.wh 
pulse by generating a predetermined value of the current flow through the cells 
such that the voltage at the peak varies and is determined by the resistance of 
the battery across the positive and negative terminals. 

6. The method according to Claim 1 wherein the pulses are 
generated by an inductance coil and wherein there is pr vided switch means 
which is initially closed to cause a current to flow through the inductance coil 
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and then is p ned t cause the current in the inductance coil to fl w t tha. 
p sitive t rminal. 

I. The method according to Claim 6 including providing a diode 
between the inductance coil and the positive terminal to prevent reverse flow of 
current from the positive terminal. 

8. The method according to Claim 6 wherein the switch means 
comprises a transistor switch connected between the inductance coil and gr und. 

9. The method according to Claim 6 including providing a 
capacitor for supplying current to the inductance coil on opening of the switch 
means. 

10. The method according to Claim 6 including controlling the 
value of the current to a predetermined value by controlling the time during which 
the switch means is closed. 

II. The method according to Claim 1 wherein the battery is 
provided as part of a battery power and charging system including battclry 
charging means connected across the positive and negative terminals of the 
battery and wherein the pulses are generated in a device separate from the • 
charging means. 

12. The method according to Claim 11 including detecting a 
voltage across the positive and negative terminals which is greater than the 
battery voltage and generating the pulses only when the voltage detected is 
greater than the battery voltage. 1 

13. The method according to Claim 12 including using the v Itagie 
across the battery terminals to provide power for generating the pulses. 

14. The method according to Claim 1 including periodically halting 
generation of the voltage pulses and measuring, while the pulses are halted, a 
voltage generated by the battery and a resistance across the battery, including 
providing means for generating a charging voltage and means for generating the i 
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.5. i^-f, 

current pulses and including selecting the presence f and valu of the chargin^l 
voltage and selecting the presence f and value of the puis s in depende:no:€^i 
upon the battery voltage and battery resistance nneasured. ; ; 

15- The method according to Claim 14 including controlling each-* 
pulse by generating a predetermined value of the current flow through th ice^ 
such that the voltage at the peak varies and is determined by the resistancet^^i 



the battery across the positive and negative terminals, wherein the battery [is fa- ; 
12 volt battery and wherein each pulse causes a current through the cells ittltlii^H 
peak in the range 2 to 6 amps. 

• ' t \' .'■ 

10 16. The method according to Claim 14 wherein the measir {g ; 

step Is effected by firstly detecting the voltage across the battery !(ami:;j 
subsequently applying a predetermined current across the battery and d^ec^lr^i 
the voltage change caused by the current. 

17. A method for conditioning plates of a battery having at l4a4t:| 
15 one electrolytic cell, a positive connection terminal and a negative connecftionx:^ 

terminal connected across the at least one cell, the method c mprising,| 
connecting a first connector to the positive terminal, connecting a secplnp^i 
connector to the negative terminal such that a substantially constant voltag^ is 
applied across the first and second connectors, generating a series of current^ 

20 pulses and applying the pulses across the first and second connectors, wherein 
the battery is provided as part of a battery power and charging system indue., ig 
a battery charging means connected across the positive and negative terminals of 
the battery and wherein the pulses are generated in a device separate from the 
charging means, the device receiving voltage from across the battery terminals 

25 for providing power for generating the pulses. 

18. A method f r conditioning plates of a battery having at least 
one electr lytic cell, a positive connection terminal and a negative connection . 
t rminal connected acr ss the at least one cell, the method comprising 
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connecting a first connector to the positive t rminal, connecting a. secphd 
connector to the negative terminal such that a substantially c nstant voltage is 
applied across the first and second connectors, generating a series of current 
pulses and applying the pulses across the first and second connectors, wher in 
the battery is provided as part of a battery power and charging system including 
a battery charging means connected across the positive and negative terminals of 
the battery including detecting a voltage across the positive and negative 
terminals which is greater than the battery voltage and generating the pulses only 

« 

when the voltage is greater than the battery voltage. 

19. A method for conditioning plates of a battery having at least 
one electrolytic cell, a positive connection terminal and a negative connection 
terminal connected across the at least one cell, the method comprising 
connecting a first connector to the positive terminal, connecting a second, 
connector to the negative terminal such that a substantially constant voltage is 
applied across the first and second connectors, generating a series of current 
pulses and applying the pulses across the first and second connectors, 
periodically halting generation of the voltage pulses and measuring, while the 
pulses are halted, a voltage generated by the battery and a resistance across tb 
banery and including providing means for generating a charging voltage and 
means for generating the voltage pulses and including selecting the presenc f 
and value of the charging voltage and selecting the presence of and value bf the 
pulses in dependence upon the battery voltage and battery resistance measured. 

20. A method for conditioning plates of a battery having at least 
one electrolytic cell, a positive connection terminal and a negative connection 
terminal connected across the at least one cell, the method comprising \ 
connecting a first connector to the positive terminal, connecting a second 
connector to the negative terminal such that a substantially constant voltage is 
applied acr ss the first and second connectors, providing an inductance coil. 
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pr viding switch means for controlling passage of curr nt thr ugh the induct^nb.^ 
c il, initially closing the switch to cause a current to flow through the inductani|e; 
coil and then opening the switch to cause the current in the inductance c0jl^|^ 
#iow to the positive terminal. r 

21. The method according to claim 1 wherein the pul$f ^^ 
generated by switching periodically charge discharged from a capacitor toithej 
positive terminal and recharging the capacitor with the switch closed. | ;;f 
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